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BONE SCREW SYSTEM 



BACKGROUND OF THE INVENTION 



FIELD OF THE INVENTION 



The present invention relates in general to threaded 
fasteners utilized in the medical arts for engagement with 
bony tissue. More in particular, the present invention is 
directed to a cannulated bone screw adapted for dispensing 
a purchase enhancing composition to the threaded portion 
thereof. Further, the screw of the present invention is 
cannulated with a closed end bore to prevent the dispensing 
of a purchase enhancing composition through the distal end 
of the screw. Still further, the present invention 
includes an adapter releasably lockingly engageable with 
the head of the screw on one end thereof and adapted for 
coupling to a dispenser on the opposing end, wherein the 
purchase improving composition can be dispensed through the 
adapter into the screw. 
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PRIOR ART 

Cannulated fastening devices that function in 
cooperation with the dispensing of an adhesive are well 
known in the art. Prior art known to the Applicants 
include U.S. Patents #5,143,498; #5,483,781; #5,788,702; 
#5,725,581; #5,249,899; #4,065,817; #4,653,487; #4,860,513; 
#5,145,301; #4,712,957; #5,253,965; #4,760,844; and, 
#5,129,901. 

While cannulated bone screws are known in the art, 
such typically have a passage formed longitudinally 
therethrough, to thereby allow placement of the screw over 
a guide wire. Where such screws are utilized with an 
adhesive composition, in an attempt to increase the 
purchase of the screw threads, the injection of the 
adhesive forms a pool at the distal end of the screw, which 
does little to enhance the purchase of the threads. If the 
adhesive is injected prior to the setting of the screw in 
its final position, the screw must move through the pool of 
adhesive, displacing the adhesive and bone tissue as the 
screw is tightened, thereby requiring a greater torque to 
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be applied to the screw. The requirement for greater 
torque is disadvantageous where small or fragile bones are 
being engaged* 

In other fasteners, such as that embodied in U.S. 
Patents #5,249,899, #5,143,498, #4,653,487, and, 
#4,065,817, dispensing apertures are formed in 
diametrically opposed positions along the shank of the 
fastener. The arrangement of diametrically opposed 
apertures reduces the cross- sectional area of the shank 
wall, substantially weakening the fastening device. While 
a broken screw can be tolerated in many applications, such 
is not acceptable for a bone screw. 
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SUMMARY OF THE INVENTION 
A bone screw system is provided that includes a bone 
screw having a head adapted to be driven by a tool and a 
shank portion extending longitudinally from the head. The 
shank portion has threads formed on at least a portion 
thereof and a bore extending longitudinally to a closed 
distal end. The threaded portion has a plurality of 
;P apertures formed therein in open communication with the 

Jsj bore. The head has an opening formed therein and in open 

s 

communication with the bore. The bone screw system further 

C3 includes an adapter releasably lockingly coupled to the 

fy 

% ; head of the bone screw and sealingly engaged with the bore 

for injection of a composition therein to pass through the 
plurality of apertures and thereby aid in fixation of the 
threads in a patient's bone. 

Looking at the instant invention from another aspect, 
a bone screw system is provided that includes an adapter 
having a passage formed longitudinally therethrough and a 
bone screw having a head adapted to be driven by a tool . 
The bone screw has a shank portion extending longitudinally 
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from the head and has threads formed on at least a portion 
thereof and a bore extending longitudinally to a closed 
distal end. The threaded portion has a plurality of 
apertures formed therein in open communication with the 
bore* The head has an opening formed therein and in open 
communication with the bore for receiving a distal end of 
the adapter therein. The adapter passage is disposed in 
aligned relationship with the bore. The bone screw system 
further includes structures for releasably lockingly 
coupling the distal end of the adapter to the head of the 
screw. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG, 1 is a perspective view of the screw of the 
present invention; 

FIG. 1A is a cross -sectional view of the adapter of 
the present invention; 

FIG. 2 is an exploded view, partially sectioned, of 
the bone screw system of the present invention; 

FIG. 3 is a proximal end view of the screw of the 
present invention; and, 

FIG. 4 is a cross -sectional view of the screw of the 
present invention taken along the section line 4 — 4 of FIG. 
2. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Referring to FIGS. 1-4, there is shown, bone screw 
system 100 for providing fixation in medical applications. 
In particular, the bone screw system 100 includes a bone 
screw 110 and an adapter 140 that may be releasably 
lockingly coupled to the bone screw 110. The adapter 
provides an interface for injection of a composition 
intended to improve the purchase of bone screw 110. Bone 
screw 110 is cannulated by a closed end bore 124 with a 
plurality of apertures 122 formed through the root portion 
12 0 of the threaded area 116 for dispensing the injected 
composition therethrough. The composition dispensed 
through the apertures 122 may be a resin or other adhesive 
composition that is biocompatible. One such well known 
biocompatible adhesive resin is methylme thacr elate . 

Bone screw 110 includes a head 112 adapted to be 
driven by a tool. As shown, head 112 includes an 
hexagonally shaped opening 12 6 for receiving an Allen type 
wrench therein. Obviously, other shaped openings may be 
utilized for rotative coupling to a tool having a 
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complementary contour, or the outer contours of the head 
may be shaped to receive a driving tool thereon. Extending 
distally from the head 112, there is a shank portion 114 
having at least a threaded portion 116 formed thereon. 
Threaded portion 116 is formed with thread crests 118 
helically disposed on the shank 114 # with the root portion 
of the threads being helically disposed between adjacent 
thread crests 118. As shown, threaded portion 116 occupies 
a distal end portion of the shank 114. The extent of shank 
114 having threads is a function of the application for 
which the screw 110 is being used and may occupy a 10% - 
100% portion of the shank 114. 

Extending through the shank portion 114 is a bore 124, 
the bore extending longitudinally to a closed distal end 
125. The opening 12 6 of head 112 is disposed in open 
communication with the bore 124, so that the composition 
that is injected can pass into the bore 124. A plurality 
of apertures 122 are formed in the root portion of the 
threads, and are formed in open communication with the bore 
124. Therefore, when the composition is injected into the 
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bore 124, such flows out through the apertures 122. 

The apertures 122 extend radially outward from the 
central bore 124, and are spaced one from another by an 
angle 0, while being longitudinally displaced, one from 
another, as a function of the slope of the helical path of 
the root portion 12 0 of the thread. It has been found that 
an optimal combination of dispersion of the injected 
composition and wall cross -sectional area occurs when there 
are three apertures per screw revolution, 360 angular 
degrees. Where the apertures 122 are uniformly spaced, the 
apertures are located at 12 0° intervals. The apertures 122 
may be spaced at other angles, as long as they are not 
located in a diametrically opposing location. The 
apertures 122 are displaced longitudinally one from 
another, following the helical contour of the thread root 
120. By that arrangement, none of the apertures 122 are 
diametrically opposed from another aperture 122 . With the 
apertures 122 not being diametrically opposed, there is a 
minimal reduction in cross -sectional area of any particular 
longitudinal location of the threaded portion 116, which is 



a critically important characteristic. 

Injection of the purchase enhancing composition 
requires the dispensing of the composition under pressure 
into the bore 124 of bone screw 110. In order to 
accomplish the pressurized injection of the composition 
into bore 124, adapter 140 is provided. Adapter 140 is 
provided with a distal end 150 which is insertable into the 
opening 12 6 of the bone screw head 112. The opposing 
proximal end of adapter 140 has a fitting for fluid 
connection formed thereon. Where the purchase enhancing 
composition is to be dispensed from hypodermic- type 
syringes, the fitting 142 formed on the proximal end of 
adapter 140 is a luer-type connection, having a conically 
tapered portion 164 formed therein. Further, the fitting 
142 may include a pair of opposing lugs 144 for releasable 
coupling with a mating luer-lock type fitting. 

The distal end 150 of adapter 140 includes a conically 
shaped external surface 146 which sealingly mates with a 
respective conically shaped internal surface 130 formed at 
the distal end of opening 126, adjacent the bore 124. A 
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portion 14 8 of distal end 150 , adjacent to the conically- 
shaped surfaced 146, is formed with a pair of opposing 
locking lugs 152 extending therefrom. Locking lugs 152 
provide for releasable coupling within respective recesses 
132 formed in opposing interior wall surfaces of the 
opening 126. More specifically, the recesses 132 are 
formed in the proximal portion 12 8 of opening 12 6. Each of 
the recesses 132 includes a longitudinally directed section 
134 for guiding displacement of the locking lugs 152 
responsive to insert of the adapter distal end 150 into the 
opening 126 in the bone screw head 112. At the distal end 
of the longitudinally directed section 134, there is formed 
an angularly directed section 13 6, the section 136 being 
angled toward the distal end of the screw 110. As the 
locking lugs 152 are disposed on an incline to mate with 
the angularly directed section 13 6 of recess 132, rotation 
of the adapter 140 longitudinally displaces the adapter 
140. The conical ly shaped portion 146 of the adapter 
distal end 150 is thereby tightly engaged with the 
conically shaped internal surface 13 0 of opening 12 6, 



12 



providing a seal therebetween. By that arrangement, the 
passage 162 of adapter 140 is placed in open communication 
with the bore 124 of screw 110. Thus, with adapter 140 
coupled to screw 110, fluid communication is established 
between a dispensing device coupled to fitting 142 and the 
plurality of apertures 122. 

Adapter 14 0 is formed with a grip portion 154 disposed 
intermediate the opposing ends thereof. Grip portion 154 
is formed with a plurality of annular ridges disposed in 
longitudinally spaced relationship. Each of the annular 
ridges 156 are separated by a respective groove 158, to 
thereby increase the grippable surface area of the adapter 
grip portion 154. The plurality of annular ridges 156 need 
not be of the same diameter. In order to further enhance 
the gripping contact area, the plurality of annular ridges 
156 are dimensioned to collectively define an arcuate 
longitudinal cross-sectional contour, as indicated by the 
contour line 16 0 shown in FIG . 1A, providing a depression 
in the adapter's surface for receiving the user's fingers 
therein. That arrangement of the gripping portion 154 
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allows a physician to easily engage and disengage the 
adapter from the screw 110. 

Bone screw system 100 includes a bone screw 110 and an 
adapter 140 having a distal end 150 that is releasably 
lockingly coupled to the head 112 of bone screw 110 for 
dispensing a purchase improving composition supplied to the 
proximal end of the adapter 140. The conically shaped 
external surface 146 formed on the distal end 150 of 
adapter 140 is forced into sealing engagement with the 
corresponding conically shaped internal surface 13 0 of the 
opening 12 6. The sealing engagement is established by the 
insertion and rotation of the distal end 150 of adapter 140 
within the opening 126. The locking lugs 152 pass through 
the longitudinally directed section 134 of respective 
recesses 132 as the distal end 150 is inserted into the 
opening 12 6 # and respectively follow the angularly directed 
section as the adapter 140 is rotated. 

Further, the strength of the cannulated screw 110 is 
maintained by limiting the number of apertures 122 formed 
in the threaded portion 116, and forming such in both 
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angular and longitudinal spaced relationship, in the 
helically directed root portion 12 0 of the thread. The 
apertures being both angularly and longitudinally displaced 
one from another, minimizes the reduction in cross- 
sectional area of the wall surrounding the centrally 
disposed bore 124, which is of critical importance. In 
particular, the dispensing of adhesive onto the threads of 
the screw and the minimization of cross- sectional area 
reduction is achieved with three apertures within any 3 60 
angular degree section of the threaded portion 116. While 
an angular spacing 0 of 12 0° has been illustrated, to 
provide equidistantly spaced apertures, it should be 
understood that other angular spacings may be utilized. 
Further, more than three apertures may be utilized in a 360 
angular degree section, if the screw pitch is sufficient 
such that there are no apertures in diametrically opposed 
locations, minimizing any further reduction in the cross - 
sectional area of the annular wall of the shank 114. 

The adapter 140 is formed with a grip portion 154 
having an arcuate longitudinally directed arcuate outer 
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surface contour defined by a mathematical arcuate envelope 
established by the plurality of annular ridges 156 spaced 
one from another by respective grooves 158. The arcuate 
envelope is formed by the combination of ridge apexes, 
where the respective diameters of the ridges 156 are not 
uniform. The respective diameters vary in order to 
collectively form a longitudinally directed arcuate outer 
surface contour. 

The adapter 140 includes a passage 162 extending 
longitudinally therethrough. The proximal end of the 
passage 162 may include a conically tapered portion 164 for 
mating with a complementary conical surface of a connector 
or other device for dispensing a selected composition 
through adapter 140 into screw 110. Through the use of 
system 100, the bone screw 110 can be set and an adhesive 
dispensed from the threaded portion in a radial direction 
for improving the purchase of the screw threads, and 
thereby avoid the problems associated with dispensing 
adhesive from a distal end of a bone screw. 
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Although this invention has been described in 
connection with specific forms and embodiments thereof, it 
will be appreciated that various modifications other than 
those discussed above may be resorted to without departing 
from the spirit or scope of the invention. For example, 
equivalent elements may be substituted for those 
specifically shown and described, certain features may be 
used independently of other features, and in certain cases, 
particular locations of elements may be reversed or 
interposed, all without departing from the spirit or scope 
of the invention as defined in the appended Claims. 



